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INTRODUCTION 

The ATM c o n s i s t s  of  a c a n i s t e r ,  which c o n t a i n s  t h e  
ATN e x p e r i m e n t s ,  mounted on g imba l s  i n  ay! o u t e r  r z c k  s t r u c t u r e  
as shown i n  F i g u r e  1. The  e x p e r i m e n t s  a r e  mounted on t h e  s p a r  
w i t h i n  t h e  c a n i s t e r ,  and  t h e  s p a r  i s  t h e r m a l l y  i s o l a t e d  f r o x  
t h e  e x p e r i m e n t s  and c a n i s t e r  w i t h  i n s u l a t i o n  2nd low conduc t i r ig  
e x p e r i m e n t  mounts .  
a n  a c t i v e  s y s t e m  and  t h e  r a c k  i s  t h e r m a l l y  c o n t r o l l e d  b y  a 
p a s s i v e  s y s t e m ,  supp lemen ted  by hea te r s  where r e q u i r e d .  
I n i t i a l l y ,  t h e  t h e r m a l  c o n t r o l  s y s t e m  f o r  t h e  c a n i s t e r  !':as 

a n  a c t i v e  s y s t e m  t o  s u p p o r t  expe r imen t  r e q u i r e m e n t s  was 
e s t a b l i s h e d ;  and ,  b y  J a n u a r y  1 9 6 8 ,  an act?lT,re sys t em v,-zz 
s e l e c t e d .  A combina t ion  o f  s t a n d o f f  and i n t e g r a l  h e a t e r s  
i s  u s e d  w i t h  t h e  e x p e r i m e n t s  w i t h i n  t h e  c a n i s t e r .  The 
e x p e r i m e n t  r e q u i r e m e n t s ,  t h e r m a l  c o n t r o l  s y s t e m ,  and thermal  
problems a re  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

EXPERIMENT REQUIREMENTS 

T h e  c a n i s t e r  i s  t h e r m a l l y  c o n t r o l l e d  b y  

7 .  _ _  - 7 -  _ -  - ._ 7 r , c - l  - - - .; --'_,_, 
3 y . ~ ~ ~ ~ T / ~  s;rs;e.;;. ~ ~ - ; ; ~ i , - ~ i :  , "c' -2w',cA.u-z-. -; ., 1 , L . l i  _. - < . $ .  i 

Thermal  d i s t o r t i o n  due  t o  t he rma l  g r a d i e n t s  must b e  
minimized  d u r i n g  e x p o s u r e  t ime.  The  s t a n d o f f  a n d . i n t e g r a 1  
h e a t e r s  a s s o c i a t e d  w i t h  t h e  e x p e r i m e n t s  p r e v e n t  l o c a l  c o l d s p o t s ,  
t h u s  p r o v i d i n g  a un i fo rm t e m p e r a t u r e .  The e x p e r i m e n t  h e a t e r  
c o n c e p t s  a r e  shown i n  F i g u r e  2 .  The a c t i v e  c o o l i n g  s y s t e m  
m a i n t a i n s  t h e  c a n i s t e r  wall t e m p e r a t u r e  a t  47-58OF t o  a s s u r e  
p r o p e r  expe r imen t  o p e r a t i n g  t empera tu re ' .  The  spar  i s  wrapped  
w i t h  t e n  l a y e r s  o f  a l u m i n i z e d  m y l a r  i n s u l a t i o n  and i t s  
t e m p e r a t u r e  i s  a p p r o x i m a t e l y  62OF. T y p i c a l  v a l u e s  o f  h e a t e r  
t e m p e r a t u r e s  a re  shown. 
10-40 wat t s  e a c h .  C u r r e n t  e x p e r i m e n t a l  thermal  r e q u i r e m e n t s  

The h e a t e r  c a p a c i t i e s  a r e  a p p r o x i m a t e l y  

a r e  shown i n  T a b l e  I .  (1) 

From t h e  t i m e  t ha t  t h e  ATM l e a v e s  t h e  c l e a n  room 
u n t i l  i t  i s  l aunched ,  t h e  expe r imen t  package  i s  purged  w i t h  
c l e a n ,  d ry  a i r  a n d / o r  n i t r o g e n  (H20 c o n t e n t  o f  5 0  ppm maximum) 
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a t  a t e m p e r a t u r e  o f  7555’F. - A  nominal  p o s i t i v e  p r e s s u r e  of 
1 t o  2 i n c h e g  of water  ( . 0 3 6  t o  . 072  p s i )  i s  m a i n t a i n e d  i n  
t h e  e x p e r i m e n t  package  t h r o u g h o u t  t h i s  p e r i o d .  The maximum 
p o s i t i v e  p r e ; s s r e  i n  t h e  package w i l l  bs. a p p r o x i m a t e l y  
3 i n c h e s  of water (.1 p s i ) .  

RACK THERMAL CONTROL SYSTEM 

Rack-mounted ATM components,  such  as b a t t e r i e s ,  
e l e c t r o n i c s ,  and c o n t r o l  moment g y r o s  a r e  p a s s i v e l y  c o n t r o l l e d  
t h r o u g h  t h e  a p p l i c a t i o n  of p r o p e r  thermal  c o a t i n g s  and  

s o u r c e s .  Wnite p a i n t  ( E  = . 9 ,  a = . 2 )  i s  used  on t h e  thermal  
c o v e r s ,  b a t t e r i e s ,  c o n t r o l  moment g y r o s ,  and t h e  t o p  of r a c k  
components .  Allowance i s  made f o r  d e g r a d a t i o n  o f  t h e  s o l a r  
a b s o r p t i v i t y  ( a )  f rom .2 t o  . 5 . *  An aluminum s o l a r  s h i e l d ,  
a l s o  p a i n t e d  w h i t e ,  i s  mounted on t h e  s u n  end o f  t h e  r a c k  
t o  p r e v e n t  d i r e c t  s o l a r  impingement on rack-mounted components .  
A u x i l i a r y  e l e c t r i c  hea t e r s  are used  or? t h e  t h r e e  con t r c .1  
morent  gyros. Each c o n t r o l  moment sy-ro h s s  t x o  120 T;:Ekt 
h e a t e r s  and  t ? i o  2 4  Vlat’i h e a t e r s ;  one  h e a t e r  o f  each  s i z e  
p e r  b e a r i n g .  T h e  1 2 0  watt h e a t e r s  a r e  used i n i t i a l l y  t o  
b r i n g  t h e  b e a r i n g  t e m p e r a t u r e  to-40°F and i f  t h e  b e a r i n g  

i f  t h e  b e a r i n g  t e m p e r a t u r e  f a l l s  below 60°F’. A d d i t i o n a l  

and t h e  s t a r  t r a c k e r .  Component o p e r ~ . t i o n a l  t e m p e r a t u r e  
l i m i t s  and c a l c u l a t e d  maximum and minimum t e m p e r a t u r e s  a r e  

i n s lu l a t lonJ  and. positioning 1 A T i t . h  r e s p e c t .  t n  heat s i n k s  2.nd 

t e m p e r a t u r e  f a l l s  below 4 O O F .  The 2 4  watt  h e a t e r s  a r e  used  I 
hea te r s  may b e  r e q u i r e d  i n  o t h e r  components such  as batteries 1 

I 
I 
i 

I 
Shn!AIr! ifi T a b l e  11. (1) 

j 
P r e v i o u s  a n a l y s i s  i n d i c a t e d  t h a t  t h e  C h a r g e r  B a t t e r y  . 

R e g u l a t o r  Modules ( C B R M ’ s )  mounted on t -he r a c k  would e x p e r i e n c e  . 
t e m p e r a t u r e s  above d e s i g n  l i m i t s .  I n s u l a t i o n  has b e e n  removed 
be tween t h e  modules and t h e  r a c k  t o  improve r a d i a t i o n  c h a r a c -  
t e r i s t i c s .  T h e  l a t e s t  a n a l v s i s ‘ l )  i n d i c a t e s  t h a t  t e m p e r a t u r e ?  
for t h e  h o t t e s t  c a s e  a r e  w i t h i n  d e s i g n  l i m i t a t i o n s .  T h e  
r e s u l t s  o f  t h e  a n a l y s i s  a re  shown i n  Tab le  111. 

Because o f  an i n c r e a s e  i n  s i z e  o f  e l e c t r i c a l  com- 
p o n e n t s ,  e l e c t r i c a l  c a b l i n g  has  been  r e r o u t e d  on t h e  Rack. T h i s  
w i l l  r e q u i r e  r e l o c a t i o n  of many o f  t h e  r a c k  components ,  b u t  
s h o u l d  r e s u l t  i n  more optimum t e m p e r a t u r e s  for components 
t h a t  a r e  p r e s e n t l y  m a r g i n a l .  (Refer  t o  ‘Table I1 for m a r g i n a l  
r a c k  components . )  

* P r i v a t e  communication S.  Lev ine ,  September  1 0 ,  1968 .  
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Some Rackcomponents ,  s u c h  as b a t t e r i e s  and  t h e  
s t a r  t r a c k e r ,  w i l l  r e q u i r e  h e a t  p r i o r  t o  a c t i v a t i o n  o f  t h e  
ATM. T i m e l i n e s  a r e  r e q u i r e d  f o r  e l e c t r i c a l  components 
p r i o r  to t h i s  t i m e  t o  d e t e r m i n e  heat  d i s s i p a t e d  s o  t h a t  h e a t e r  
s i z e s  and  s y s t e m  power r e q u i r e m e n t s  can  be d e t e r m i n e d .  It 
i s  a lso n e c e s s a r y  t o  d e t e r m i n e  how much e l e c t r i c a l  power i s  
a v a i l a b l e  f o r  hea te rs  p r i o r  t o  a c t i v a t i o n  i n  t h e  s o l a r  
i n e r t i a l  mode. 

CANISTER ACTIVE THERMAL CONTROL SYSTEM 

A s i n g l e  i o o p  c o o l i n g  s y s ~ e ~ ! ~  L - . . . ( 2 )  Is .use(rl to coilti?..: 
t h e  o p e r a t i n g  t e m p e r a t u r e  of  t h e  c a n i s t e r - m o u n t e d  e x p e r i m e n t s .  
The i n t e r i o r  c a n i s t e r  wa l l  i s  p a r t  o f  t h e  a c t i v e  t h e r m a l  
c o n t r o l  sys t em (TCS) and a b s o r b s  t h e  h e a t  g e n e r a t e d  b y  t h e  
e x p e r i m e n t s  and c o n t r o l  system compozents .  
t r a n s f e r r e d  t o  t h e  s p a c e  r a d i a t o r ,  where i t  i s  r e j e c t e d  t o  t h e  
s p a c e  env i ronmen t .  T h e  space  r a d i a t o r  i s  mounted c i rcum-  
f e r e n t i a l l y  a round  t h e  e x t e r i o r  or" t h e  sun ei-iii o f  t h e  ca i i i s te i? .  

c o n t r o l  v a l v e ,  e l e c t r o n i c  c o n t r o l  packages ,  h e a t e r ,  e t c .  , '-are 
a t t a c h e d  t o  t h e  o u t s i d e  of t h e  c a ~ i s t e r .  The  conir_-c?er:?s of 
t h e  a c t i v e  TCS and t h e i r  q u a n t i t y ,  s o u r c e ,  and p r e v i o u s  
a p p l i c a t i o n  a re  l i s t e d  i n  Table  I V .  T o t a l  a p p r o x i m a t e  w e i g h t  
o f  t h e  a c t i v e  TCS i s  488 l b s .  

T h e  hea t  i s  

nt:?e,r T C  ccrr .Pcnsnts,  s u c h  2.5 the Fl!?P F??r!..:sr-e, !rl.c'dii] a: .!y:.. f!n:, - .I 

Tump Tackage 

A s c h e m a t i c  diagram o f  t h e  TCS i s  shown i n  F i g u r e  3 .  
A m o d i f i e d  CSM pump, w i t h  an improved i m p e l l e r ,  p r o v i d e s  t h e  
m o t i v e  f o r c e  i n  t h e  c o o l a n t  l o o p  and p r o v i d e s  a nominal  f l o w  
r a t e  o f  850 l b s  o f  c o o l a n t  p e r  h o u r .  

. b a c k e d  up by a s t a n d b y  pump. An a c c u m u l a t o r  w i t h  379 c u b i c  
i n c h e s  o f  u s e a b l e  volume p r o v i d e s  f l u i d  f o r  s y s t e m  l e a k a g e  
and  f l u i d  t h e r m a l  c o n t r a c t i o n  and volume f o r  f l u i d  t h e r m a l  
e x p a n s i o n .  

The p r i m a r y  pump i s  

Modu la t ing  Flow C o n t r o l  Valve 

The  modu la t ing  flow c o n t r o l  v a l v e  d i r e c t s  t h e  
c o o l a n t  f l u i d  t h r o u g h  e i t h e r  t h e  s p a c e  r a d i a t o r  or t h r o u g h  
t h e  bypass  to m a i n t a i n  a c o n s t a n t  f i x e d  f l u i d  t e m p e r a t u r e  o f  
50 2 3OF a t  t53 i n l e t  o f  t h e  c o l d  p a n e l ? .  C o n t r o l  i s  p r o v i d e d  
by means o f  a t e m p e r a t u r e  s e n s o r  and  c o n t r o l  e l e c t r o n i c s  
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TABLE I I  
MAXIMUM AND Y l N l M V l l  CMPONENT TEMPERATURES 
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l o c a t e d  a t  t h e  i n l e t  t o  t h e  c o l d p l a t e s .  The m o d u l a t i n g  f l o w  
c o n t r o l  v a l v e  i s  r e d u n d a n t .  The change  f rom p r i m a r y  v a l v e  
a s sembly  t o  back-up v a l v e  a s sembly  must b e  done m a n u a l l y  f rom 
c o n t r o l s  l o c a i z d  i n  t h e  LM-A. The f l o w p a t h  s e l e c t o r  v a l v e  
b l o c k s  e i t h e r  t h e  p r i m a r y  o r  r e d u n d a n t  m o d u l a t i n g  c o n t r o l  
valve,  d e p e n d i n g ' o n  which  i s  i n  o p e r a t i o n .  

R a d i a t o r  

The hea t  a b s o r b e d  by t h e  c o l d  p a n e l s  i s  r e j e c t e d  
i n t o  s p a c e  by  t h e  r a d i a t o r .  The r a d i a t o r  i s  aluminum and  i s  

a re  f o r  a p p r o x i m a t e l y  317 wat ts  t o  b e  r e j e c t e d  t o  s p a c e .  A 
t y p i c a l  r a d i a t o r  p a n e l  i s  shown i n  F i g u r e  4. The r a d i a t o r  
i s  mounted on f i b e r g l a s s  s t a n d - o f f s  a t  t h e  s u n  end  o f  t h e  
c a n i s t e r .  The c o o l a n t  i s  r o u t e d  s e q ; e n t i a l l y  t h r o u g h  e a c h  
o f  f o u r  r a d i a t o r  p a n e l s .  

a - - = - - - a  c -  -^.  u c ~ ~ ~ i i c u  t,u ~ . c j e c t  500 w a t t s  to s p a c e .  E: i ; ls t i j - lg  i ~ ~ ~ ~ ~ i - ~ ~ ~ f i ~ i - ! t ~  

X e a t e r  

I n  tne e v e n t   he r a c i i a t o r  env i ronmen t  is t o o  cold 
t o  m a i n t a i n  p r o p e r  c o l d  p a n e l  i n l e t ;  t e n p y z t l x c ,  :..?zt; ~ i ?  1 
b e  s u p p l i e d  t o  t h e  c o o l a n t  by  an  e l e c t r i c  h e a t e r  mounted 
i n  t h e  r a d i a t o r  b y p a s s  l i n e .  The c a p a c i t y  o f  t h e  h e a t e r  i s  
500 watts. S t e p  c o n t r o l  o f  t h e  two h e a t i n g  e l e m e n t s  i s  
a c c o m p l i s h e d  a u t o m a t i c a l l y .  Redundant  h e a t i n g  e l e m e n t s ,  
t e m p e r a t u r e  s e n s o r s  ar,d h e a t e r  c o n t r a l l ' n r  c i r c u i t r y  a r e  
p r o v i d e d  f o r  backup i n  c a s e  of  f a i l u r e  o f  t h e  p r i m a r y  h e a t i n g  
s y s t e m .  

The rma l  S h i e l d  

The s u n  end  of t h e  c a n i s t e r  s e r v e s  as a t h e r m a l  
' s h i e l d  t o  p r e v e n t  h e a t  l e a k s  i n t o  and  o u t  o f  t h e  c a n i s t e r .  
Movable h e a t  s h i e l d  d o o r s  c o v e r  e x p e r i m e n t s  and  ATM p o i n t i n g  
s e n s o r  a p e r t u r e s  t o  p r o t e c t  f rom thermal  e f f e c t s  .and con- 
t a m i n a t i o n .  A l i p  a t  t h e  sun e n d  o f  t h e  c a n i s t e r  exten 'ds  
r a d i a l l y  outward  beyond t h e  c a n i s t e r  t o  p r e v e n t  s o l a r  
impingement  be tween  t h e  rack-mounted s o l a r  s h i e l d  and  c a n i s t e r .  
T h e  s u n  end of  t h e  c a n i s t e r  i s  made o f  aluminum and  i s  
c o v e r e d  w i t h  two i n c h e s  of  h i g h  pe r fo rmance  a l u m i n i z e d  m y l a r  
i n s u l a t i o n  ( N R C - 2 ) .  The o u t s i d e  s u r f a c e  o f  t h e  i n s u l a t i o n  
i s  c o v e r e d  w i t h  aluminum, which i s  p a i n t e d  w h i t e  ( E  = . 9 ,  
a = . 2 ) .  
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Cold  P l a t e s  

Th, e n t i r e  i n t e r i o r  c a n i s c z i 7  w a l l  ( e x c e p t  a c c e s s  
d o o r s )  s e r v e s  a s . a  heat  s i n k  f o r  t h e  e x p e r i m e n t s  and components .  
The wal l  i s  d i v i d e d  i n t o  s i x t e e n  c o l d  p a n e l  s e c t i o n s ,  made o f  
aluminum. Flow t h r o u g h  each  s e c t i o n  i s  i n  p a r a l l e l .  A t y p i c a l  
c o l d  p l a t e  i s  shown i n  F i g u r e  5 .  The c o l d  p l a t e  e x t e r i o r  
s u r f a c e s  are cove red  w i t h  two i n c h e s  o f  h i g h  pe r fo rmance  
a l u m i n i z e d  myla r  i n s u l a t i o n  ( N R C - 2 ) .  The o u t e r  l a y e r  o f  
i n s u l a t i o n  i s  T e d l a r  ( a  = .9, E = . 9 ) .  

C o o l a n t  

Methanol /water  (80/20) has been  s e l e c t e d  as t h e  
c o o l a n t  f o r  t h e  a c t i v e  sys tem.  C o o l a n t s  which were e v a l u a t e d  
f o r  u sage  on ATM a r e  compared i n  T a b l e  The d e s i r a b l e  
f l u i d  p r o p e r t i e s  for a c o o l a n t  a r e  low f r e e z i n g  p o i n t ,  h i g h  
s p e c i T i c  heat  , h i g h  t h e r m a l  c o n d u c t i v i t y ,  n o n - t o x i c i t y ,  low 

r a t e s  o f  c c o l a n t s  a re  a l s o  s t r c n g l y  dependen t  on whether. 
t h e  flow reg ime i s  l a m i n a r  o r  t u r b u l e n t .  The flol); rez ime 
i s  main ly  t u r b u l e n t  for t h e  ATPi f l u i d  l o o p .  
f l o w ,  t h e  pumping power for rne thanol /water  (80/20) i s  less 

T h i s  p r o p e r t y  and o t h e r s  have made methanol /vra te r  (80120) t h e  
most a t t r a c t i v e  c h o i c e  f o r  t h e  c o o l a n t  o f  t h e  ATP1 a c t i v e  s y s t e m .  

v f s p ~ ~ i t i :  and 7 m,pdeyq t ;~  v a n 7 - p  T ~ O S T ;  j y > a .  ‘;ran7-;.=n 
L J  

Based on t u r b u l e n t  

t h a n  o t h e r  c o o l a n t s  t o  m a i n t a i n  =i g i v e n  h e a t  transfer r a t e .  (4) 

1022-JG-ep 

At t achmen t s  

& *  J .  G i l l e s p i e  - 
. 
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